I.
INTRODUCTION
Hydraulic servo-system can be found widely used in many engineering field. The application covers from heavy industries to soft industries. From constructions and metal manufacturing to agricultural and textile industries. The main advantage of hydraulic servo system as stated in Pascal's Law is its good ratio between force on one side and the weight of actuator at the other side. This application is called direct drive construction.
A hydraulic control system can be considered as 'simple' hydraulic control system when the data transmission is through the mechanical linkage and gear. However, for more complex hydraulic control system that can take many form of data transmission, such as electronic, electrical, pneumatic and optical, this hydraulic system can be inaccurate and difficult to be controlled. As a part of solution, this system can be replaced with electro-hydraulic actuator (EHA) system where the data transmission used is electronic. The main reasons of model identification of EHA system is important are for control system design, prediction, simulation, and fault detection.
EHA system also known for its nonlinearity behavior. The contribution of these nonlinearities of EHA are from the compressibility of hydraulic fluid, complex flow properties of valve and the friction occur in actuators. Thus the modeling of EHA can be difficult. There have been many studies in hydraulic modeling particularly on EHA [1] - [5] .
PRBS input is famously used as the perturbation signal in system identification. However, this type of input is not suitable for hydraulic system because it only has two-level amplitude. For hydraulic system identification, it is necessary to consider all the important amplitude. Thus, the suitable perturbation signal is independent sequences with Gaussion or uniform distribution, pseudo-random multilevel signal (PRMS) and chirp or multi-sine signal [6, p. 159].
Step and sine signal were used widely as the excitation signal for hydraulic system [4] , [5] , [7] .
Modeling of a physical process is necessary as it is the first step of system analysis. The main reason of system identification is that the performance affect the quality and safety of a component and the whole system. A good model is required in order to design and implementing a control system. The utilization of fractional calculus get to be more extensive into different area, from light application field, for example, biomedical, medicine, and chemistry [8] - [10] into heavy application, for example, robotic and mechatronic [11] . Typically, FO model is applied in viscoelasticity [12] , [13] , RC networks [14] - [18] and electrochemistry [15] , [19] , [20] .
In many system and process, modeling of real system using non-integer model is reliably more adequate than integer model and gives better estimate [21] . In addition, there are some dynamic systems cannot be identified using linearization and exponential function, thus using FO model is an additional degree of freedom that gives a better estimation to the responses.
The objective of this paper is to model EHA using continuous-time transfer function. Two type of model structure will be used as continuous-time transfer function which are integerorder (IO) model and fractional-order (FO) model. Moreover, fractional calculus offers a great tool to define memory and hereditary effects in various substances [22] . In addition, the long memory transients and infinite dimensional structure of real physical system modeling has attract researches to apply fractional order dynamic models significantly [23] , [24] . This paper is organized as follow: in Section II, the general concept of Fractional-Order (FO) model is briefly described. The experimental setup is presented in Section III. Then, the identification and estimation method are introduced in Section IV. In Section V the simulation results followed by the discussions are presented. The conclusions are drawn in Section VI.
II. FRACTIONAL-ORDER MODEL
The concept of classical differentiation equation operator, as in Eq. (1),
For dynamic system, the function f for the n-th derivative is defined as in Eq. (2),
In conventional calculus, n is an integer, different with fractional calculus, n can be as noninteger number, as in Eq. (3). Fractional calculus is the generalization of integration and differentiation of non-integer number. Thus, it should be called as non-integer calculus because it includes non-integer number such as complex number [25] . 
Where flexibility [25] , [27] .
On account of a system of commensurate-order  , the continuous-time transfer function is given by 
Where : 
The highest order of the derivative order will be the multiplication between integer order, n and commensurate order  .
III.
EXPERIMENTAL SETUP
The experimental hardware that was utilized as a part of these studies is an EHA system that is indicated in figure 1 . The hydraulic cylinder was held in vertical position. This is a difficult issue as effect of gravity is considered. The EHA system includes single-ended cylinder kind of actuator. The bidirectional cylinder has 150 mm stroke length, however, the unit measurement is in inches. Thus the stroke length is 5.9 inches. The wire displacement sensor is mounted at the highest point of piston rod. The flow of the fluid is controlled by electronic control valve. 
IV. METHODOLOGY
The steps taken in conducting this experiment will be briefly described in this section. The general procedure of system identification are as in figure 4 [28] . 
Where i a is amplitude, i  is frequencies (rad/sec), s t is the sampling time (sec) and k is integer. For this particular study, three frequencies within the range of 0.01 Hz to 1 Hz will be used in order to generate a multi-sine signal. The amplitude of this system is -5 V and +5V . The amplitude must not be too high because the actuator will be damaged. The saturated output also should be avoided since the data in that saturated output is much less informative and redundant.
The sampling time was selected where it is long enough to cause an effect on output but not too long which the output not give any more dynamic information. The sampling time was set to 1ms so that all important responses were considered. And every sample was repeated by three times. This is due to longer time for response observation.
The duration of the system to run was 50s and the total data was 50,000 sample. However, the first 10s was removed because it is assumed during that time the plant was unstable. The data also was converted into slower sampling time by selecting the data in 40ms sequence. Thus, the total data was 1250 samples. After deducting the first 10s, the data size was 1000 samples.
This data then divided into two part equally. First part was used for model estimation and the second part was used for model validation.
b. Model Structure Selection
The model structure used in this identification was basically the same which is differential 
Where y is the actual output, and ŷ is the simulated output.
 Means-square error 
Where y is actual output and ŷ is simulated output. The R 2 is presented in percentage.
Another important validation technique is correlation function. The purpose is to measure the predictability in a series where the concept is to compute the correlation between an observation and each of the past observation. If there is at least one correlated observation in the past, then the correlation can be utilized to predict future observation. In this study, autocorrelation function (ACF) and cross-correlation function (CCF) were used for this purpose.
In order to perform this, the mean was first removed. ACF can be obtained by correlating a signal with its own shifted while CCF can be obtained by correlating two different signals with one of the signal was shifted. The confidence interval was set to 95% and 99%.
The purpose of conducting validation approach is to avoid from overparametrizing which could lead to unnecessarily complex model or underparametrizing which results inaccurate model. This validation method has been applied in modeling of EHA system [30] - [32] .
Lastly, the path of flowchart in figure 4 
As shown in figure 6 , the result from the simulation of IO model in Eq (15) 
The estimated derivative order, The comparison of the parameter value can be presented as in Table 1. As seen in the table, all the derivative orders, n  of both models are similar except 2  where 2  of FO model is closer to integer 1 instead of 2. This is because the commensurate order is 0.9. Thus, the maximum order for FO model is 1.8. The comparison of the R 2 and MSE is presented in Table 2 . The FO model gives better estimation than IO model. The value of R 2 for both model are acceptable after considering the position of the cylinder is in vertical, which is difficult to have a good model. 
CONCLUSION
In this study, models identification of EHA system with continuous-time transfer function are presented and multi-sine signal was used as the excitation signal. Same pre-processing method was applied to both model so that the result was not biased. In addition, output-error method was used as the estimator for both model. The FO model has shown a better estimation than IO model where FO model could describe the nonlinearities that IO model could not represent. For future recommendation, a modelling of EHA system using FO model with variation of commensurate order in order to observe the effect of commensurate order to the model stability.
